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1. 

SPLT-GATE DEVICE AND METHOD OF 
FABRICATING THE SAME 

BACKGROUND 

The semiconductor integrated circuit (IC) industry has 
experienced rapid growth. Technological advances in IC 
materials and design have produced generations of ICs where 
each new generation has smaller and more complex circuits 
than the previous generation. However, these advances have 
increased the complexity of processing and manufacturing 
ICs and, for these advances to be realized, similar develop 
ments in IC processing and manufacturing are needed. In the 
course of IC evolution, functional density (i.e., the number of 
interconnected devices per chip area) has generally increased 
while geometry size (i.e., the Smallest component or line that 
can be created using a fabrication process) has decreased. 
This scaling-down process generally provides benefits by 
increasing production efficiency and lowering associated 
COStS. 

During the Scaling trend, various materials have been used 
for the gate electrode and gate dielectric in field effect tran 
sistors (FET). One approach is to fabricate these devices with 
a metal material for the gate electrode and a high-k dielectric 
for the gate dielectric. However, high-k metal gate (HKMG) 
devices often require additional layers in the gate structure. 
For example, work function layers may be used to tune the 
work function values of the metal gates. Although these 
approaches have been generally adequate for their intended 
purposes, they have not been satisfactory in all respects. For 
example, select gates for high speed read selection from a 
storage element should be integrated with HKMG process 
ing, and flash cells should be embedded in HKMG technolo 
g1eS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It is emphasized that, in accordance with the 
standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
Sion. 

FIG. 1 is a flowchart showing a method of fabricating a 
semiconductor device in accordance with embodiments of 
the present disclosure. 

FIGS. 2A and 2B illustrate a diagrammatic fragmentary 
top view and a sectional view, respectively, of a semiconduc 
tor device at a stage of fabrication inaccordance with embodi 
ments of the present disclosure. 

FIGS. 3A and 3B illustrate a diagrammatic fragmentary 
top view and a sectional view, respectively, of a semiconduc 
tor device at another stage of fabrication in accordance with 
embodiments of the present disclosure. 

FIGS. 4-12 illustrate sectional views of a semiconductor 
device at various stages of fabrication in accordance with 
embodiments of the present disclosure. 

FIG. 13 illustrates program and erase functions in a semi 
conductor device in accordance with embodiments of the 
present disclosure. 

FIG. 14 illustrates another semiconductor device and pro 
gram and erase functions thereof in accordance with embodi 
ments of the present disclosure. 
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2 
FIG. 15 illustrates another semiconductor device and pro 

gram and erase functions thereof in accordance with embodi 
ments of the present disclosure. 

DETAILED DESCRIPTION 

It is understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of the disclosure. Specific examples of 
components and arrangements are described below to sim 
plify the present disclosure. These are, of course, merely 
examples and are not intended to be limiting. Moreover, the 
formation of a first feature over or on a second feature in the 
description that follows may include embodiments in which 
the first and second features are formed in direct contact, and 
may also include embodiments in which additional features 
may be formed interposing the first and second features, such 
that the first and second features may not be in direct contact. 
Various features may be arbitrarily drawn in different scales 
for the sake of simplicity and clarity. It is noted that the same 
or similar features may be similarly numbered herein for the 
sake of simplicity and clarity. In addition, Some of the draw 
ings may be simplified for clarity. Thus, the drawings may not 
depict all of the components of a given apparatus (e.g., 
device) or method. 

Various aspects of the present disclosure will be described 
herein with reference to drawings that are schematic illustra 
tions of idealized configurations of the present disclosure. As 
Such, variations from the shapes of the illustrations as a result, 
for example, manufacturing techniques and/or tolerances, are 
to be expected. Thus, the various aspects of the present dis 
closure presented throughout this disclosure should not be 
construed as limited to the particular shapes of elements (e.g., 
regions, layers, sections, Substrates, etc.) illustrated and 
described herein but are to include deviations in shapes that 
result, for example, from manufacturing. By way of example, 
an element illustrated or described as a rectangle may have 
rounded or curved features and/or a gradient concentration at 
its edges rather than a discrete change from one element to 
another. Thus, the elements illustrated in the drawings are 
schematic in nature and their shapes are not intended to illus 
trate the precise shape of an element and are not intended to 
limit the scope of the present disclosure. 

Referring now to FIG. 1, a flowchart shows a method 100 
of fabricating a semiconductor device in accordance with 
embodiments of the present disclosure. Method 100 includes 
providing a substrate having a top Surface at block 102, form 
ing a storage element over the Substrate at block 104, forming 
a control gate over the storage element at block 106, forming 
a high-k dielectric layer oversides of the control gate, sides of 
the storage element, and a portion of the top surface of the 
substrate at block 108, and forming a metal select gate over 
the high-k dielectric layer and adjacent to the storage element 
and the control gate at block 110. 

It should be noted that the operations of method 100 may be 
rearranged or otherwise modified within the scope of the 
various aspects. It is further noted that additional processes 
may be provided before, during, and after the method 100, 
and that some other processes may only be briefly described 
herein. Thus, other implementations are possible within the 
Scope of the various aspects described herein. As another 
embodiment, the high-k dielectric layer is formed on the 
substrate but not on the sides of the control gate and the 
storage element. 

According to an aspect of the present disclosure, the 
method may further comprise simultaneously fabricating the 
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metal select gate and metal oxide semiconductor (MOS) tran 
sistor using high k dielectric metal gate (HKMG) technique. 

According to another aspect of the present disclosure, the 
method may further comprise simultaneously fabricating 
with the metal select gate, a metal oxide semiconductor 
(MOS) transistor over a complementary metal oxide semi 
conductor (CMOS) region of the substrate. 

According to yet another aspect of the present disclosure, 
the method may further comprise forming a source region in 
the Substrate adjacent the storage element and the control 
gate, and forming a drain region in the Substrate adjacent the 
Select gate. 

According to yet another aspect of the present disclosure, 
the method may further comprise forming an interlayer 
dielectric over the storage element, the control gate, the 
high-k dielectric layer, the metal select gate, the Source 
region, and the drain region; forming a first contact operably 
coupled to the Source region through the interlayer dielectric; 
and forming a second contact operably coupled to the drain 
region through the interlayer dielectric. 

According to yet another aspect of the present disclosure, 
the method may further comprise forming an erase gate over 
the Source region and the high-k dielectric layer; forming an 
interlayer dielectric over the erase gate, the storage element, 
the control gate, the high-k dielectric layer, the metal select 
gate, the source region, and the drain region; and forming a 
contact operably coupled to the drain region through the 
interlayer dielectric. 

Referring now to FIGS. 2B, 3B, and 4-12, sectional views 
of a semiconductor device 200 at various stages of fabrication 
are illustrated in accordance with embodiments of the present 
disclosure, and referring to FIGS. 2A and 3A, top views of the 
semiconductor device 200 at respective stages of fabrication 
are illustrated in accordance with embodiments of the present 
disclosure. It should be understood that additional processes 
may be provided before, during, and/or after the stages illus 
trated in FIGS. 2-12, and that some selected processes may 
only be briefly described if they are well known in the art. 

FIGS. 2A and 2B illustrate semiconductor device 200 
including a substrate 202 having a top Surface, and a storage 
element layer 204 disposed over the substrate 202. In one 
embodiment, the semiconductor device is formed on a silicon 
semiconductor substrate 202. Alternatively, the semiconduc 
tor substrate 202 could be: an elementary semiconductor 
including germanium; a compound semiconductor including 
silicon carbide, gallium arsenic, gallium phosphide, indium 
phosphide, indium arsenide, and/or indium antimonide; an 
alloy semiconductor including SiGe. GaAsP, AlInAs, 
AlGaAs, GanAs, GanP, and/or GanASP; or combinations 
thereof. In one embodiment, the storage element layer 204 is 
comprised of polysilicon, a nano-crystal film, or a nitride 
film. 

Different devices (e.g., analog or digital devices) on the 
substrate 202 may be separated by isolation structures, such 
as a dielectric isolation feature. In one embodiment, an iso 
lation structure may utilize shallow trench isolation (STI) to 
define active regions and electrically isolate devices. An iso 
lation structure may be composed of silicon oxide in one 
example. However, in other alternative embodiments, the 
dielectric material could be silicon nitride, silicon oxynitride, 
other Suitable materials, and/or combinations thereof. An iso 
lation structure may alternatively have a multi-layer structure 
such as a thermal oxide liner layer filled with silicon nitride or 
silicon oxide. 

FIGS. 3A and 3B illustrate semiconductor device 200 
including control gates 206 disposed over the storage element 
layer 204, and capping elements 208 disposed over respective 
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4 
control gates 206. In one example, control gates 206 are 
comprised of polysilicon. In one example, the capping ele 
ment 208 is comprised of a dielectric material, such as an 
oxide, silicon nitride, or a combination of dielectric films, and 
is used as an etch or planarization (e.g., CMP) stopping layer 
or sacrificial layer. 

FIG. 4 illustrates an etch of the storage element layer 204 to 
form first and second stack gate structures 201a and 201b, 
each stack gate structure including a storage element 204 
disposed over substrate 202, a control gate 206 disposed over 
the storage element 204, and a capping element 208 disposed 
over the control gate 206. Storage elements 204 are self 
aligned with the control gate 206, and in one example is a 
polysilicon floating gate, a nano-crystal film, or a nitride film. 
A dielectric layer 212 is then conformally formed over the 

top and side Surfaces of the first and second stack gate struc 
tures 201a and 201b to form a recess between the first and 
second stack gate structures 201a and 201b. The dielectric 
layer recess has interior sidewalls formed by dielectric layer 
212. In one embodiment, the dielectric layer 212 may be 
comprised of silicon nitride, silicon oxynitride or other Suit 
able dielectric material. The dielectric layer may be formed 
by a Suitable technology, such as chemical vapor deposition 
(CVD) or spin-on coating. 
A source region 210 is then formed in substrate 202 under 

neath the recess of the dielectric layer 212 formed between 
the first and second stack gate structures 201a and 201b. In 
one embodiment, source region 210 is aligned by the interior 
sidewalls of the dielectric layer recess. 

FIG. 5 illustrates an etch of the dielectric layer 212 to form 
sidewall spacers 212.1 on the outer sides of the first and 
second stack gate structures 201a and 201b. 

FIG. 6 illustrates formation of an HK dielectric layer 212.2 
over a portion of the top surface of the substrate 202 and 
adjacent to the sidewall spacers 212.1. HK dielectric layer 
212.2 functions as a select gate dielectric layer for a Subse 
quently formed select gate. In one embodiment, HK dielectric 
layer 212.2 may be comprised of hafnium oxide (H?Ox), 
hafnium siliconoxide (HfSiO), and/or hafnium silicon oxyni 
tride (HfSiON), and may have a thickness in a range from 
about 20 A to about 200 A, but could alternatively have some 
other thickness. HK dielectric layer 212.2 may be formed as 
a single layer, or it may optionally include additional layers 
Such as an interfacial layer between the Substrate Surface and 
the remainder of the HK dielectric layer. 

In one embodiment, a complementary metal oxide semi 
conductor (CMOS) including a high-k metal gate (HKMG) 
metal oxide semiconductor (MOS) is fabricated over a differ 
ent region of substrate 202 (e.g., in a CMOS region of the 
substrate) simultaneously with the HK dielectric layer 212.2 
to form a peripheral MOSHK dielectric layer. 

Referring to FIG. 7, sidewall spacers 212.3 may be formed 
on the inner sides of the first and second stack gate structures 
201a and 201b. In one embodiment, the sidewall spacers 
212.3 are formed from the dielectric layer 212 in an etch 
process to form the sidewall spacers 212.1. In another 
embodiment, the sidewall spacers 212.3 are formed from the 
high K dielectric layer 212.2 by an etch process. In yet 
another embodiment, the sidewall spacers 212.1 and 212.3 
include two layers from the dielectric layer 212 and the high 
K dielectric layer 212.2. 

In the present embodiment, sidewall spacers 212.1 and 
212.3 are formed adjacent the exposed exterior sidewalls and 
the exposed interior sidewalls of the first and second stack 
gate structures 201a and 201b, respectively. As noted above, 
although sidewall spacers 212.1 and 212.3 are formed inde 
pendently in this embodiment, the sidewall spacers 212.1 and 



US 8,951,864 B2 
5 

212.3 may be formed simultaneously in other embodiments. 
The sidewall spacers may be comprised of a dielectric mate 
rial. Such as silicon nitride. Alternatively, the spacers may be 
silicon carbide, silicon oxynitride, other Suitable materials, 
and/or combinations thereof. Also, they may each be com 
posed of a different material. 

In another embodiment, source is formed with sidewall 
spacers in a procedure including multiple steps. For example, 
a light doped source features is formed by anion implantation 
with a light dose, the sidewall spacers 212.1 (and 212.3) are 
formed by deposition and etching, thereafter, heavily doped 
Source is formed by another ion implantation with a heavy 
dose. 

FIGS. 8 through 11 illustrate formation of the metal select 
gate in a metal gate last process according to one embodi 
ment. Referring to FIG. 8, a first polysilicon select gate 214a 
is formed over the HK dielectric layer 212.2 on a top surface 
of substrate 202 and adjacent to the first stack gate structure 
201a, and a second polysilicon select gate 214b is formed 
over the HK dielectric layer 212.2 on a top surface of sub 
strate 202 and adjacent to the second stack gate structure 
201b. First and second polysilicon select gates may beformed 
by polysilicon deposition, polysilicon planarization by CMP 
or etch, and polysilicon patterning (e.g., via photolithography 
and etch techniques). In one embodiment, a CMOS is fabri 
cated over a different region of substrate 202 simultaneously 
with the polysilicon select gates 214 to form a peripheral 
MOS polysilicon, planarization of the polysilicon through 
CMP or etch, and patterning. 

FIG. 9 illustrates formation of a first drain region 218a 
formed in the substrate 202 adjacent the first polysilicon 
select gate 214a and a second drain region 218b formed in the 
Substrate 202 adjacent the second polysilicon select gate 
214b. An interlayer dielectric (ILD) layer 220 is then formed 
over the topography of the structures of device 200, such as 
the sidewall spacers 212.1 and 212.3, select gates 214a and 
214b, source 210, and drains 218. In one embodiment, a 
CMOS is fabricated over a different region of substrate 202 
simultaneously with the sidewall spacers, drain regions 218, 
and ILD layer 220 to form peripheral MOS spacers, source/ 
drain regions, and ILD layers. 
The source and drain regions 210, 218 are doped regions 

having a dopant implanted therein that is appropriate for the 
design requirements of the associated device. When the 
Source and drain regions are parts of pMOS transistors, 
Source and drain regions are p-type doped with p-type 
dopants such as boron or BF or combinations thereof. Alter 
natively, if the source and drain regions are parts of nMOS 
transistors, they may be n-type doped with n-type dopants, 
Such as phosphorus or arsenic, or combinations thereof. 
A channel region is defined between the source region 210 

and the drain region 218 in the substrate 202. The channel 
region is an active region in the Substrate in which the major 
ity carriers flow between the source and drain regions when 
the device is in a conduction mode. Thus, a select gate and a 
stack gate structure are over the channel region between the 
Source and drain regions. 

FIG. 10 illustrates planarization of the ILD layer 220, 
portions of the sidewall spacers 212.1 and 212.3, and select 
gates 214a and 214b until select gates 214 and capping ele 
ments 208 are exposed. The planarization process. Such as 
chemical mechanical planarization (CMP) or an etch in one 
example, is shown by arrows 222. In one embodiment, a 
CMOS is fabricated over a different region of substrate 202 
simultaneously with the exposure of the polysilicon select 
gates 214 to expose peripheral MOS transistor polysilicon. 
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6 
FIG. 11 illustrates removal of polysilicon select gates 214, 

deposition of a metal gate film, and metal gate planarization 
to form metal select gates 224. In one embodiment, a periph 
eral MOS is fabricated simultaneously with the metal select 
gate 224 over a different region of Substrate 202 (e.g., a 
peripheral MOS transistor is formed simultaneously by 
simultaneous removal of a peripheral MOS transistor poly 
silicon gate, deposition of a metal gate film, and metal gate 
planarization). 

In this gate replacement process, the polysilicon select 
gates are removed and replaced with metal select gates. In one 
embodiment, a non-illustrated photoresist layer may be 
deposited and patterned to facilitate etching that effects the 
removal. The polysilicon gates may be removed by any Suit 
able process, such as a dry etching and/or wet etching process. 
After etching away the polysilicon and then stripping the 
photoresist, a metal layer may be formed and then planarized 
to form the metal select gate structures. 

Metal select gate structures are formed with HKMG gate 
stacks for MOS transistors simultaneously in an integrated 
process for process compatibility and performance enhance 
ment. Metal select gate structures can beformed with HKMG 
gate stacks for MOS transistors in a different procedure 
according to other embodiments. 

In another embodiment, the metal select gate structures are 
formed with HKMG gate stacks for MOS transistors in a high 
k last process wherein the high k dielectric layer 212.2 is 
formed after the removal of the polysilicon select gates 214. 
In this embodiment, the removal of the polysilicon select 
gates 214 result in gate trenches. The high K dielectric layer 
is deposited in the gate trenches and thereafter, the metal gate 
film is deposited on the high K dielectric layer. In this case, 
the high K dielectric layer is also formed on the sidewalls of 
the gate trenches. 

In yet another embodiment, the metal select gate structures 
are formed with HKMG gate stacks for MOS transistors in a 
gate first process. In this embodiment, instead of depositing 
the polysilicon layer 214, the metal gate film is directly 
deposited on the high K dielectric layer 212.2 to form the 
metal select gate structure. In this case, the gate replacement, 
as illustrated in FIG. 11, is eliminated. In furtherance of the 
example, the high K dielectric layer is formed on the sides of 
the storage elements 204 and the control gates 206. 

In yet another embodiment, the gate dielectric layer for the 
metal select gates includes an interfacial layer, such as silicon 
oxide, between the high K dielectric layer 212.2 and the 
substrate 202. In yet another embodiment, the metal select 
gates include multiple metal films, such as a first metal film 
having a proper work function (also referred to as work func 
tion metal) and a second metal layer (such as aluminum) 
disposed on the first metal film. In this case, the first metal 
layer includes different material for nMOS and pMOS tran 
sistors with enhanced circuit performance. Furthermore, the 
first metal layer for the metal select gate may include the same 
metal material for nMOS transistors if the source 210 and 
drain 218 are n-type or alternatively include the same metal 
material for pMOS transistors if the source 210 and drain 218 
are p-type. 

FIG. 12 illustrates formation of an ILD layer 226 over the 
topography of the structures of device 200, such as the side 
wall spacers 212.1 and 212.3, select gates 224, capping ele 
ments 208, source 210, and drains 218. Contacts 228 and 230 
are then formed through ILD layer 226 to operably couple to 
drains 218 and source 210, respectively. 

FIG. 12thus illustrates a semiconductor device 200 includ 
ing a substrate 202 having a top Surface; a first stack gate 
structure 201a including a first storage element 204a dis 
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posed over the substrate 202 and a first control gate 206a 
disposed over the first storage element 204a: a second stack 
gate structure 201b including a second storage element 204b 
disposed over the Substrate 202 and a second control gate 
206b disposed over the second storage element 204b; one or 
more dielectric layers (such as 212, 212.1, 212.2, 212.3) 
disposed over sides of the first stack gate structure 201a, sides 
of the second stack gate structure 201b, and a portion of the 
top surface of the substrate 202; a first metal select gate 224a 
disposed over the high-k dielectric layer 212.2 and adjacent to 
the first stack gate structure 201a; a second metal select gate 
224b disposed over the HK dielectric layer 212.2 and adja 
cent to the second stack gate structure 201b; a source region 
210 in the substrate between the first stack gate structure 201a 
and the second stack gate structure 201b; a first drain region 
218a in the substrate adjacent the first metal select gate 224a: 
and a second drain region 218b in the Substrate adjacent the 
second metal select gate 224b. An interlayer dielectric 220 
and 226 is disposed over the first and second stack gate 
structures, the high-k dielectric layer, the first and second 
metal select gates, the source region, and the first and second 
drain regions; a first contact 228 is operably coupled to the 
first drain region 218a through the interlayer dielectric; a 
second contact 228b is operably coupled to the second drain 
region 218b through the interlayer dielectric; and a third 
contact 230 is operably coupled to the source region 210 
through the interlayer dielectric. A select gate 224 and a stack 
gate structure 201 are over the channel region between a 
Source region 210 and a drain region 218. 
The ILD layers described above may be comprised of 

silicon oxide. Alternatively, the ILD layer may include other 
dielectric materials such as silicon nitride, silicon oxynitride, 
TEOS formed oxide, phosphosilicate glass (PSG), borophos 
phosilicate glass (BPSG), low-k dielectric materials, other 
suitable dielectric materials, and/or combinations thereof. 
Exemplary low-k dielectric materials include fluorinated 
silica glass (FSG), carbon doped silicon oxide, Black Dia 
mondR (Applied Materials of Santa Clara, Calif.), xerogel, 
aerogel, amorphous fluorinated carbon, parylene, BCB (bis 
benzocyclobutenes), SiLKR) (Dow Chemical, Midland, 
Mich.), polyimide, other proper materials, and/or combina 
tions thereof. An ILD layer may alternatively be a multilayer 
structure having multiple dielectric materials. 
The source and drain contacts described above may be any 

of a variety of cross-sectional shapes. The Source and drain 
contacts may also be comprised of various Suitable conduc 
tive materials, such as copper or tungsten. In one embodi 
ment, an opening may be etched through the ILD layer at a 
location above a source and/or drain region. The opening may 
then be filled with a metal. The above contact formation 
processes may include photolithography, etching, stripping, 
deposition, and any other appropriate procedures. Lastly, a 
CMP process is performed to planarize the top portions of the 
Source and drain contacts and the ILD layer. 
The layers described above (e.g., the polysilicon and metal 

layers) may each beformed using any suitable process. Such 
as chemical vapor deposition (CVD), physical vapor deposi 
tion (PVD), atomic layer deposition (ALD), high density 
plasma CVD (HDPCVD), metal organic CVD (MOCVD), 
remote plasma CVD (RPCVD), plasma enhanced CVD 
(PECVD), plating, other suitable methods, and/or combina 
tions thereof. 

The layers may be patterned by any Suitable process. Such 
as by a photolithography patterning process, which may 
include any number of Suitable steps including photoresist 
coating (e.g., spin-on coating), Soft baking, mask aligning, 
exposure, post-exposure baking, developing the photoresist, 
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8 
rinsing, drying (e.g., hard baking), other Suitable processes, 
and/or combinations thereof. Further, the photolithography 
exposing process may be wholly replaced by other proper 
methods, such as maskless photolithography, electron-beam 
writing, or ion-beam writing. 

Additionally, the integrated circuit in the semiconductor 
device 200 can further include non-illustrated passive com 
ponents such as resistors, capacitors, inductors, and/or fuses; 
and not-illustrated active components, such as MOSFETs 
including p-channel MOSFETs (pMOS transistors) and 
n-channel MOSFETs (nMOS transistors), complementary 
metal-oxide-semiconductor transistors (CMOSs), high volt 
age transistors, and/or high frequency transistors; other Suit 
able components; and/or combinations thereof. 

FIG. 13 illustrates program and erase functions in semi 
conductor device 200 inaccordance with embodiments of the 
present disclosure. Semiconductor device 200 does not 
include an erase gate. 

Different bias voltages are used to determine the memory 
behavior of the storage element 204. For example, when the 
device 200 is programmed, the input bias Voltage makes 
electrons/holes move from the channel region of the ion 
implanted layer to the storage layer, and the state of the 
corresponding bit line shifts from 170 to 0/1. The mechanism 
of electron/hole movement depends on the type of the device 
layer. When the device layer is made of a p-type semiconduc 
tor material, the mechanisms of electron/hole movement 
include the FN (Fowler Nordheim) tunneling method from 
the gate structure or the channel region, SHH (Substrate Hot 
Hole) injection method, and BTBHE (Band-To-Band Hot 
Electron) injection method. When the device layer is made of 
an n-type semiconductor material, the mechanisms of elec 
tron/hole movement include the FN (Fowler Nordheim) tun 
neling method from the gate structure or the channel region, 
CHE (Channel Hot Electron) injection method, and BTBHH 
(Band-To-Band Hot Hole) injection method. 
When the device 200 undertakes an erasing activity, the 

input bias Voltage makes the electrons/holes move from the 
storage layer through the channel region of the ion-implanted 
layer to the exterior of the device, and the state of the corre 
sponding bit line shifts from 0 to 1. Similarly, the mechanism 
of electron/hole movement also depends on the type of the 
device layer. When the device layer is made of a p-type 
semiconductor material, the mechanisms of electron/hole 
movement include the FN (Fowler Nordheim) tunneling 
method from the gate structure or the channel region, SHH 
(Substrate Hot Hole) injection method, and BTBHE (Band 
To-Band Hot Electron) injection method. When the device 
layer is made of an n-type semiconductor material, the 
mechanisms of electron/hole movement include the FN 
(Fowler Nordheim) tunneling method from the gate stricture 
or the channel region, CHE (Channel Hot Electron) injection 
method, and BTBHH (Band-To-Band Hot Hole) injection 
method. When the device 200 undertakes a reading activity, 
the read current is an electron current if n-type ions are 
implanted into the ion-implanted layer, and the read current is 
a hole current if p-type ions are implanted into the ion-im 
planted layer. 

In one example, device 200 provides a program function 
through a CHE injection method from drain 218 to storage 
element 204 and a BTBHE injection method from source 210 
to storage element 204, and an erase function through an FN 
tunneling method from storage element 204 to substrate 202. 

FIG. 14 illustrates another semiconductor device 300 and 
program and erase functions thereof in accordance with 
embodiments of the present disclosure. Semiconductor 
device 300 is substantially similar to device 200 and the same 
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numbered features in device 200 and related descriptions are 
fully applicable in this embodiment with respect to device 
300 although applicable descriptions may not be repeated 
here to avoid repetitive descriptions. 

Device 300 includes a metal erasegate 232 disposed over 
the source region 210 and the high-k dielectric layer 212.2. 
An interlayer dielectric 234 is disposed over the erase gate 
232, the storage element 204, the control gate 206, the high-k 
dielectric layer 212.2, the metal select gate 224, the source 
region 210, and the drain region 218. Contacts 228 are oper 
ably coupled to the drain region 218 through the interlayer 
dielectric. 

In one example, device 300 provides a program function 
through a CHE injection method from drain 218 to storage 
element 204, and an erase function through an FN tunneling 
method from polysilicon storage element 204 to metal erase 
gate 232. 

FIG. 15 illustrates another semiconductor device 400 and 
program and erase functions thereof in accordance with 
embodiments of the present disclosure. Semiconductor 
device 400 is substantially similar to device 200 and 300 and 
the same numbered features in device 200 and 300 and related 
descriptions are fully applicable in this embodiment with 
respect to device 400 although applicable descriptions may 
not be repeated here to avoid repetitive descriptions. 

Device 400 includes a polysilicon erase gate 236 disposed 
over the source region 210 and the high-k dielectric layer 
212.2. An interlayer dielectric 238 is disposed over the erase 
gate 236, the storage element 204, the control gate 206, the 
high-k dielectric layer 212.2, the metal select gate 224, the 
source region 210, and the drain region 218. Contacts 228 are 
operably coupled to the drain region 218 through the inter 
layer dielectric. 

In one example, device 400 provides a program function 
through a CHE injection method from drain 218 to storage 
element 204, and an erase function through an FN tunneling 
method from polysilicon storage element 204 to polysilicon 
erase gate 232. 

Advantageously, the semiconductor device of the present 
disclosure provides for integration of HKMG processing with 
select gates and high speed flash cells embedded in HKMG 
technology. Furthermore, the present disclosure allows for 
the low resistance of select gates to enhance read access speed 
of flash memory, and continued shrinking of flash technology 
through utilizing a HKMG core device as a select gate tran 
sistor. 
The present disclosure provides for many different 

embodiments. One of the broader forms of the present dis 
closure involves a semiconductor device. The device includes 
a Substrate having a top surface, a storage element disposed 
over the Substrate, a control gate disposed over the storage 
element, and a high-k dielectric layer disposed over a portion 
of the top surface of the substrate. The device further includes 
a metal select gate disposed over the high-k dielectric layer 
and adjacent to the storage element and the control gate. 

Another of the broader forms of the present disclosure 
involves another semiconductor device. The device includes a 
Substrate having a top surface; a first stack gate structure 
including a first storage element disposed over the Substrate 
and a first control gate disposed over the first storage element; 
a second stack gate structure including a second storage ele 
ment disposed over the Substrate and a second control gate 
disposed over the second storage element; a high-k dielectric 
layer disposed oversides of the first stackgate structure, sides 
of the second stack gate structure, and a portion of the top 
Surface of the Substrate; a first metal select gate disposed over 
the high-k dielectric layer and adjacent to the first stack gate 
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10 
structure; a second metal select gate disposed over the high-k 
dielectric layer and adjacent to the second stack gate struc 
ture; a source region in the Substrate between the first stack 
gate structure and the second stackgate structure; a first drain 
region in the Substrate adjacent the first metal select gate; and 
a second drain region in the Substrate adjacent the second 
metal select gate. 

Yet another of the broader forms of the present disclosure 
involves a method of fabricating a semiconductor device. The 
method includes providing a Substrate having a top surface, 
forming a storage element over the Substrate, forming a con 
trol gate over the storage element, forming a high-k dielectric 
layer over sides of the control gate, sides of the storage ele 
ment, and a portion of the top surface of the Substrate, and 
forming a metal select gate over the high-k dielectric layer 
and adjacent to the storage element and the control gate. 
The foregoing outlines features of several embodiments so 

that those skilled in the art may better understand the aspects 
of the present disclosure. Those skilled in the art should 
appreciate that they may readily use the present disclosure as 
a basis for designing or modifying other processes and struc 
tures for carrying out the same purposes and/or achieving the 
same advantages of the embodiments introduce herein. Those 
skilled in the art should also realize that such equivalent 
constructions do not depart from the spirit and scope of the 
present disclosure, and that they may make various changes, 
Substitutions, and alterations herein without departing from 
the spirit and scope of the present disclosure. 
What is claimed is: 
1. A method of fabricating a semiconductor device, the 

method comprising: 
providing a substrate: 
forming a storage element over the Substrate; 
forming a control gate over the storage element; 
forming a dielectric capping layer over the control gate 

Such that the dielectric capping layer physically contacts 
the control gate, the capping layer extends from a first 
dielectric sidewall spacer to a second dielectric sidewall 
Spacer, 

forming a high-k dielectric layer over, and a portion of the 
top surface of the substrate; 

forming a metal select gate over the high-k dielectric layer 
and adjacent to the storage element and the control gate, 
wherein the metal select gate extends from the second 
dielectric sidewall spacer to a third dielectric sidewall 
spacer, and 

planarizing the dielectric capping layer, the metal select 
gate, the first dielectric sidewall spacer, the second 
dielectric sidewall spacer, and the third dielectric side 
wall spacer Such that a topmost Surface of the dielectric 
capping layer, a topmost Surface of the metal select gate, 
a topmost Surface of the first dielectric sidewall spacer, a 
topmost Surface of the second sidewall spacer, and a 
topmost Surface of the third sidewall spacer are substan 
tially coplanar. 

2. The method of claim 1, further comprising simulta 
neously fabricating with the high-k dielectric layer, a high-k 
metal gate (HKMG) metal oxide semiconductor (MOS) over 
a complementary metal oxide semiconductor(CMOS) region 
of the substrate. 

3. The method of claim 1, further comprising simulta 
neously fabricating with the metal select gate, a metal oxide 
semiconductor (MOS) over a complementary metal oxide 
semiconductor (CMOS) region of the substrate. 

4. The method of claim 1, further comprising: 
forming a source region in the Substrate adjacent the stor 

age element and the control gate; and 
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forming a drain region in the Substrate adjacent the select 
gate. 

5. The method of claim 4, further comprising: 
forming an interlayer dielectric over the storage element, 

the control gate, the high-k dielectric layer, the metal 
Select gate, the source region, and the drain region; 

forming a first contact operably coupled to the Source 
region through the interlayer dielectric; and 

forming a second contact operably coupled to the drain 
region through the interlayer dielectric. 

6. The method of claim 5, further comprising: 
forming an erasegate over the source region and the high-k 

dielectric layer; 
forming an interlayer dielectric over the erase gate, the 

storage element, the control gate, the high-k dielectric 
layer, the metal select gate, the Source region, and the 
drain region; and 

forming a contact operably coupled to the drain region 
through the interlayer dielectric. 

7. A method comprising: 
forming a storage element over a Substrate; 
forming a control gate over the storage element; 
forming a dielectric capping layer over the control gate; 
forming a select gate over the Substrate and adjacent to the 

storage element and the control gate; 
forming an erase gate over the Substrate and adjacent to the 

storage element and the control gate; and 
planarizing the dielectric capping layer, the select gate, and 

the erase gate Such that a topmost Surface of the dielec 
tric capping layer, a topmost surface of the select gate, 
and a topmost Surface of the erase gate are substantially 
coplanar. 

8. The method of claim 7, further comprising forming a 
Source region in the Substrate adjacent to the storage element 
and the control gate; and 

forming a drain region in the Substrate adjacent to the select 
gate, wherein the storage element and the control gate 
are closer to the source region than the drain region. 

9. The method of claim 7, further comprising forming a 
Source region in the Substrate adjacent to the storage element 
and the control gate, and 

whereinforming the erase gate over the Substrate and adja 
cent to the storage element and the control gate includes 
forming the erase gate directly over the source region. 
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10. The method of claim 7, further comprising after pla 

narizing the dielectric capping layer, the select gate, and the 
erase gate, forming an interlayer dielectric layer over the 
dielectric capping layer, the select gate, and the erase gate. 

11. The method of claim 7, wherein the select gate includes 
a metal material. 

12. The method of clam 7, wherein the erase gate includes 
a metal material. 

13. A method comprising: 
forming a storage element over a Substrate; 
forming a control gate over the storage element; 
forming a capping layer over the control gate; forming a 

dielectric sidewall spacer alonga sidewall of the capping 
layer; 

forming a select gate adjacent to the dielectric sidewall 
spacer, the storage element and the control gate; and 

planarizing the capping layer, the dielectric sidewall 
spacer, and the select gate Such that a topmost Surface of 
the capping layer, a topmost Surface of the dielectric 
sidewall spacer, and a topmost Surface of the metal select 
gate are substantially coplanar. 

14. The method of claim 13, further comprising forming an 
erase gate adjacent to the storage element and the control 
gate. 

15. The method of claim 14, wherein the erase gate has a 
topmost Surface that is substantially coplanar with the top 
most Surface of the capping layer and the topmost Surface of 
the select gate. 

16. The method of claim 14, wherein the erase gate 
includes a polysilicon material. 

17. The method of claim 14, wherein the erase gate 
includes a metal material. 

18. The method of claim 13, further comprising forming a 
source? drain feature in the substrate; and 

forming a contact feature over the Source/drain feature. 
19. The method of claim 13, wherein the select gate 

includes a metal material. 

20. The method of claim 13, wherein the storage element 
includes one of a polysilicon floating gate, a nano-crystal 
film, and a nitride film. 

k k k k k 


